ART. 21]
THE INITIAL POSITIONS.
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Though in all these four positions of the body the two systems of axes coincide in position, yet the positive direction of an axis of one system may be the same as either the positive or the negative direction of an axis of the other system. It is usual to choose the positive directions of one system so that in one of these four positions of the body the two systems of axes may have the same positive directions as well as coincide in position. This initial position is called the positive initial position.
20. When the body is placed in a positive initial position the nine elementary couples described in Art. 10 are reduced to
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The equation to the central ellipsoid then takes the simple form                    XJ? + F/7?2 + Z/?~ 1.
If (I, m, ri) be the direction cosines of any other arm OA' the direction cosines of the force Ff acting at its extremity are proportional to              Xxl, Yym, Zzn,
and                   (F'aJ = X£l* + F/m2 + Z?n\
Thus the direction and magnitude of F' have been found. If the body is now moved into any other position, Fr continues to act in the same direction in space and therefore continues to make the same angles with F, G, H that it made in the initial position.
21. There are no other positions besides the four initial positions in which a body can be placed so that the system of forces may reduce to a single resultant which passes through the given base, except when the central ellipsoid at the given base point is a surface of revolution.
Let OA, OB, OC be the principal axes at the given base 0. Let OF, OG, OJ5Tbe three straight lines at right angles drawn parallel to the forces of the corresponding couples. In order to use conveniently the formulae of spherical trigonometry we suppose these axes to cut the surface of a sphere whose centre is at 0 in the six points A, B, C, F, (?, H. The planes of the couples are the planes which contain the astatic arms and the forces, and are therefore the planes of the spherical arcs AF, BG, CH. If their astatic moments are Kx=Fa, Kv=Gb, Kz=Hc their moments in any position of the body are Kx sin AF, Ky sin BG and Kz sin CH.
When the body is in an initial position the spherical triangles coincide. Starting from this position, the body may be brought into any other by turning it round some axis 01. If this axis intersect the sphere in I, the spherical arcs I A, IB, 1C are respectively equal to IF, IG, IH, and if 2o? is the angle of rotation, the angles AIF, BIG, CIH are each equal to 2w. Join A F, BG, CH by arcs of great circles and draw the perpendicular arcs IL, IM, IN.
If this position of the body can be one of equilibrium when the base is fixed, the
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